dà p 2 3E Ы Y: HR = 18 2014, 36 (5): 595-602 
Plant Diversity and Resources DOI: 10.7677/ynzwyj201413106 





1E] XE LER НЕЗНА RS та XE PER SE EC 


EAA, AER, opum 


(1 PEHR bc Eb ВА FI EZ И ESL VU Ре] ET "E PE, Bj ELBA 650201; 2 "PEDIS EAE, 
Abe 100039; 3 р И, z xA 661100) 









































$m. HERE BU SE де HC у Э Гау 07, ТАЈ ESTE B D DRE DS AR НОЈ а E TE A A E А ЯЕ 291 
TE, FRAT HUH IS UTR A PUERUM] ЗЕ а ЗЕН SER ER E Fr HS A PR RAR Pa HT EAS AI BH CB HUE, ТЕЕ 
SE, ДТТ Н А Ч ЭЕ АНЕ AR DER, DEEST SAAS Tit РЕЗЕ EY OE 
484K (double bond index, DBI) ЈАМЕ, ЛОКЛ АЕ, РИМИНИ DBI PRREARAE, JR B 
AM DBI KARAR, TAI WES T Ба НЕН Э A a ВЕЛЕ О Еп DGDG/MGDG LK PC/PE 3X y 
MEERE, З HA МИН Је ВИР ДЕ И RE PAS ЛАВЕ TU dte DOES SAN, ЖЕ РА MIL E o frt ЈЕ 
ЖАРКА, DEERE EH REE, (UALS ASE. ASE А А ОЗЕ RS 
#9 DGDG/MGDG (Ё, HAA RAY PC/PE fü, НКК ИЕ АТИКА BS НОЈ Ва ee PERI BE CR, АЈ 
FEE ALR ТЕ THREE Ј А 2 — o 

AXE. MITT; WPT; МЕ, ove; Rae ТЕ 

HADES: Q 945 ЗНА. A X ES. 2095-0845 (2014) 05-595-08 





















































Zi 










































































Changes of Membrane Stability in Potassium-Stressed Plants 


WANG Dan-Dan'^, ZHENG Guo-Wei', LI Wei-Qi ^^ 


(1 The Germplasm Bank of Wild Species, Kunming Institute of Botany , Chinese Academy of Sciences , 
Kunming 650201, China; 2 University of Chinese Academy of Sciences, Beijing 100039, China; 
3 Biology Department , Honghe University, Mengzi 661100, China) 


Abstract; The maintenance of membrane function is critical to the ability of plants to resist environmental stresses ; 
specifically, the stability and appropriate fluidity of membranes are crucial to their normal function. We previously 
demonstrated that plants adapt to long-term potassium ( К? ) deficiency by accumulation of membrane lipids in leaves 
and maintenance of the lipid composition in roots. In this study, which involved Arabidopsis thaliana and its К” -defi- 
ciency-tolerant relative Crucihimalaya himalaica , we first calculated the double-bond index ( DBI) as an indicator of 
membrane fluidity. After exposure to long-term K*-deficiency stress, the DBI of the total lipids in leaves of 
A. thaliana and C. himalaica showed no significant changes, whereas the DBI of the total lipids in the roots of these 
species showed slight increases. Changes in lysophospholipids (lysoPLs) levels, and digalactosyldiacylglycerol/mo- 
nogalactosyldiacylglycerol ( DGDG/MGDG ) апа phosphatidylcholine/phosphatidylethanolamine ( РС/РЕ ) ratios, 
all of which strongly reflect membrane stability, were also studied in K^ -stressed A. thaliana and C. himalaica. After 
long-term К“ deficiency, total lysoPLs levels increased in A. thaliana and C. himalaica leaves, but showed no signif- 
icant changes in roots. DGDG/MGDG and PC/PE ratios were higher in C. himalaica leaves and roots than in those of 
A. thaliana. These results indicate that C. himalaica exhibits superior membrane stability compared with A. thaliana. 


This may explain its superior growth and tolerance under K* -deficient conditions. 
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In our previous study, we found that Crucihima- 
laya himalaica , a relative of Arabidopsis thaliana , is 
tolerant to K'-deficient conditions (Wang et al., 
2014). Compared with A. thaliana, the higher ratios 
of root/shoot dry weight and shoot K'/root K* in 
C. himalaica might account for its superior growth and 
lower levels of chlorosis under K*-deficient condi- 
tions. Detailed analysis of the lipid composition in 
A. thaliana and C. himalaica indicated that plants 
adapt to long-term K^ deficiency by the accumulation 
of membrane lipids in leaves and the maintenance of 
the lipid composition in roots ( Wang et al., 2014). 
In addition to adjustment of the lipid composition, 
the double-bond index ( DBI) and level of lysophos- 
pholipids (lysoPLs) in plants also change under ad- 
verse conditions. It is well known that the degree of 
unsaturation of glycerolipids, which is reflected by 
DBI, affects membrane fluidity. DBI is the average 
number of double bonds in the two fatty acid chains 
of a glycerolipid molecular species. DBI is increased 
or decreased in order to enhance or reduce membrane 
fluidity as an adaptation to low-temperature or high- 
temperature stress, respectively. 

LysoPLs, which include lysophosphatidylglycer- 
ol (lysoPG) , lysophosphatidylcholine (lysoPC) and 
lysophosphatidylethanolamine ( lysoPE), are minor 
constituents of membrane lipids, but the levels of 
lysoPLs are very sensitive to environmental stimuli. 
Previous studies indicated that mechanical damage 
(Lee et al., 1997), low-temperature stress ( Li et 
al., 2008; Welti et al., 2002; Zhang et al., 2013) 
and abscisic acid-promoted senescence (Jia and Li, 
2013) induced the accumulation of lysoPLs in plants. 


An increase in lysoPLs was also observed in drought- 


and salt-stressed A. thaliana and Thellungiella halo- 
phila plants (our unpublished data). 

Different lipids have different effects on the 
properties of membranes. It has been reported that 
digalactosyldiacylglycerol ( DGDG ) and phosphati- 
dylcholine ( PC ) are bilayer-preferring lipids; in 
contrast, monogalactosyldiacylglycerol (MGDG) and 
phosphatidylethanolamine ( PE) tend to form a hex- 
agonal II phase ( Cullis et al., 1986; Webb and 
Green, 1991), which has a strong propensity to re- 
sult in membrane leakage. Many studies have shown 
positive correlations between stress tolerance and 
higher ratios of DGDG/MGDG and PC/PE ( Chen et 
al., 2006; Quartacci et al., 1997; Suss and Yor- 
danov, 1986; Toumi et al., 2008; Zhang et al., 
2012). However, it remains unclear how DBI, lyso- 
PLs, and the ratios of DGDG/MGDG and PC/PE 
change with long-term К” deficiency. 

In this study, electrospray ionization. tandem 
mass spectrometry ( ESI-MS/MS) was employed to 
determine the changes in the levels of lysoPLs in K*- 
stressed A. thaliana and C. himalaica. DBI was also 
used as an indicator of membrane fluidity. DGDG/ 
MGDG and PC/PE ratios were calculated to estimate 
the membrane stability of shoots and roots, respec- 
tively. The results obtained indicate that, under K*- 
deficient conditions, changes of the DBI of total lip- 
ids in the leaves of A. thaliana and C. himalaica dif- 
fered from those of roots. The extent of the change in 
the levels of lysoPLs in K*-stressed A. thaliana and 
C. himalaica leaves was larger than that in roots. In 
addition, the ratios of DGDG/MGDG and PC/PE 
were greater in C. himalaica than in A. thaliana un- 


der both control and К' -deficient conditions. 
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1 Methods and materials 
1.1 Plant material 

Seed-germinated plantlets of A. thaliana ( Co- 
lumbia ecotype) and C. himalaica were used throug- 
hout this study. Seeds of C. himalaica were collected 
from the alpine cold desert soil of Baima Snow 
Mountain, which is in De Qin, Yunnan. 
1.2 Growth conditions and K*-deficient treatment 

Seeds of A. thaliana and С. himalaica were 
planted on Murashige and Skoog medium and germi- 
nated in a growth chamber at 22 °C with 12 h light/ 
12 h darkness photoperiod with a light intensity of 
120 umol m ?s^'. For further growth, plantlets were 
transferred to a hydroponic system ( Tocquin et al., 
2003). To assess the effects of K'-deficiency, 
A. thaliana and C. himalaica plants with rosettes of 
the same diameter ( 30-day-old A. thaliana plants and 
35-day-old C. himalaica plants) were transferred to a 
modified hydroponic system with different potassium 
levels; К“ sufficiency (5. 1 mmol • L'' KNO,) , mild 
K* limitation (0. 51 mmol • L'' KNO,) , severe K* 
limitation (0. 051 mmol - 17' KNO,) , and К“ depri- 
vation (0 mmol • L'' KNO,). The nitrogen level was 
balanced using NH,NO, and the growth medium was 
changed every six days. 
1.3 Lipid extraction and ESI-MS/MS analysis 

Lipid extraction, ESI-MS/MS analysis, and 
lipid quantification were performed as described pre- 
viously with minor changes ( Welti et al., 2002). 
Leaves and roots of the plants were collected sepa- 
rately and immediately transferred to isopropanol 
with 0. 1% butylated hydroxytoluene at 75 °C to in- 
hibit lipolytic activities. They were then extracted 
several times using chloroform/methanol (2:1) with 
0.1% butylated hydroxytoluene. The extracts were 
gathered and, when the extract solvent appeared 
white, the extraction procedure was terminated. 
1.4 Data analysis 

The Q-test was performed to remove discordant 
data. The remaining data were then subjected to one- 
way factorial ANOVA using SPSS 16. 0. Differences 


between means were tested by Fisher’ s least signifi- 


cant difference (LSD) method. Double-bond index 
(DBI) was calculated using the following formula: DBI 
=[ У (№ х mol% lipid) ]/100, where N is the total 
number of double bonds in the two fatty acid chains of 


each glycerolipid molecule (Zheng et al., 2011). 


2 Results and discussion 
2.1 The patterns of DBI change differed between 
plastidic and extraplastidic lipids in A. thaliana 
leaves 

In A. thaliana leaves, the DBI of DGDG and 
MGDG were higher than those of any other lipid 
class, whereas the DBI of PI and PS were the lowest 
(Table 1). The DBI of MGDG was 5. 88, whereas 
that of PS was only 2. 74. Under K*-deficient condi- 
tions, changes of DBI of total lipids showed no sig- 
nificant difference compared with the control. Under 
K*-deficient conditions, DBI changes in most lipid 
classes showed no significant difference compared 
with the control. The largest change in DBI occurred 
for PA, which showed a 6.8496 increase under O 
mmol • L'' К“ condition. Under K*-deficient condi- 
tions, patterns of DBI change differed between plas- 
tidic and extraplastidic lipids. After long-term K* de- 
ficiency, the DBI of plastidic lipids showed a de- 
crease, but that of extraplastidic lipids increased 
( Table 1). The extent of DBI change of extraplastid- 
ic lipids was larger than that of plastidic lipids. For 
example, the DBI of DGDG decreased 1.32%, 
1. 3296 and 0. 38% under conditions of 0.51, 0. 051 
апа 0 mmol - 17' K^, respectively, compared with 
the control. In contrast, the DBI of PC showed in- 
creases of 2. 3096, 3.57% and 3.57% under the 
same K* conditions (Table 1). 
2.2 The extent of DBI change in A. thaliana 
roots was larger than that in leaves 

Under K*-sufficient condition, the DBI of total 
lipids in A. thaliana root was 3.45 (Table 2) ; this 
was much lower than that in leaf, which was 
5. 35. In addition, the DBI of all lipid classes in 
A. thaliana roots were lower than those in its leaves. 


This phenomenon also occurred under K*-deficient 
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conditions , which indicated that the membrane fluid- 
ity in A. thaliana leaves was superior to that in roots. 
Under control conditions, the DBI of MGDG was 
5.69, which was much higher than those of other 
lipids. The lowest DBI was exhibited for PG, which 
was only 2. 11. However, in contrast to the case for 
leaves, there were no clear trends between K^ -defi- 
ciency stress and changes in DBI in roots. Instead, 
complex and varied patterns were displayed, and the 
changes were larger than those in leaves. The DBI of 
total lipids in A. thaliana roots showed a 1. 1696 de- 
crease, and 0.29% and 4.06% increases under 
conditions of 0. 51, 0.051, and 0 mmol - L K* 
( Table 2) , respectively, compared with the control. 
However, there was а 0. 7596 decrease, а 0. 56% 
increase, and a 0. 19% decrease in A. thaliana leav- 
es under the same K^ conditions (Table 1). The 
changes of DBI in extraplastidic lipids were larger 


than those in plastidic lipids. 


Table 1 


2.3 The patterns of DBI change in C. himalaica 
was similar to that in A. thaliana 

In C. himalaica leaves, the DBI of MGDG was 
5. 70, which was much higher than those of other 
lipids. PG had the lowest DBI, which was only 2. 41 
( Table 1). Under control condition, the DBI of each 
lipid class and total lipids in C. himalaica leaves 
were lower than those of A. thaliana, a phenomenon 
that also occurred in K*-deficient C. himalaica and 
A. thaliana leaves. This indicates that the membrane 
fluidity in C. himalaica leaves was lower than that in 
A. thaliana. Under К? -deficient conditions, changes 
in the DBI of total lipids in C. himalaica leaves 
showed no significant difference compared with the 
control. The DBI of extraplastidic lipids showed an 
increase after the imposition of K*-deficiency. For 
plastidic lipids, the DBI of DGDG and PG increased 
after exposure to both 0. 051 and 0 mmol - L'' К“. 
Meanwhile, the DBI of MGDG showed a 0.35% 


DBI of membrane lipids in A. thaliana and C. himalaica leaves following exposure to different levels of K*. Values in the same 


row with different letters differ significantly at Р<0. 05 ( Fisher' s least significant difference). An asterisk indicates that the value 


differs significantly from that of A. thaliana under the same conditions ( P«0. 05) 


Double-bond index 


Relative change/% 








Lipid Л 
Plant species 0.51 0. 051 0 0.51 0. 051 0 
class Control 
/mmol- 17! /mmol: L^! /mmol: L`! /mmol: 17! /mmol* L^! /mmol+ L7! 
Sigo A. thaliana 5. 290. 03° 5. 22+0. 05^ 5. 22+0. 04^ 5.2740. 07" -1.32 -1.32 –0. 38 
C. himalaica 5. 20+0. 032“ 5.200. 02“ 5. 160. 04** 5.1720. 01** 0 -0. 77 –0. 58 
iei A. thaliana 5. 88+0. 01° 5. 86:0. 02% 5. 86:0. 00*^ 5. 86:0. 01^ -0. 34 -0. 34 –0. 34 
C. himalaica 5.70+0.02%* 5. 72+0. 01** 5. 69+0. 02^* 5. 70+0. 02% * 0. 35 -0.17 0 
ВВ A. thaliana 3. 20+0. 04^ 3. 25+0. 14° 3. 260. 08° 3. 20:0. 06° 1. 56 1.87 0 
C. himalaica 2.41+0.05** 2, 43+0. 05** 2.35+0.02** 2. 34+0. 02* 0. 83 -2.49 -2.90 
8а A. thaliana 3.9220. 07^ 4. 01+0. 10° 4. 06+0. 04° 4. 06+0. 05° 2. 30 3.57 3.57 
C. himalaica 3. 590. 02°* 3. 79+0. 04^* 3.8140. 05^* 3. 900. 02** 5.57 6. 13 8. 63 
is A. thaliana 3. 420. 04^ 3.4140. 01" 3. 53+0. 05" 3. 5740. 03" -0.29 3.22 4. 39 
C. himalaica 3.2740. 02** 3. 32+0. 04^* 3. 4020. 02°* 3. 4420. 02** 1.53 3. 98 5.20 
ři A. thaliana 2. 79+0. 01^ 2. 4&0. 04° 2. 80+0. 03% 2. 8240. 04° -1.79 0. 36 1.07 
C. himalaica 2. 59+0. 02°* 2. 650. 01^* 2. 68+0.02** 2. 71+0. 017“ 2.32 3.47 4. 63 
ds A. thaliana . 74+0. 03^ 2. 7140. 04^ 2. 72:0. 02^ . 8020. 03° -1.09 -0. 73 .19 
| С. himalaica .58+0. 02°* 2. 62+0. 02^* 2. 660. 03** . 690. 01** 1.55 3. 10 4. 26 
PA A. thaliana 3. 51+0. 04^ 3. 4640. 11^ 3. 560. 07^ 3. 75x0. 12° -1.42 1.42 6. 84 
C. himalaica 3. 24+0. 05^* 3. 400. 27% 3. 2340. 20^* 3. 4640. 13** 4.94 -0.31 6.79 
Total A. thaliana 5. 350. 03" 5. 3140. 09° 5. 38:0. 03° 5. 340. 20° -0.75 0. 56 –0. 19 
lipids C. himalaica 17+0. 04?* 5. 25+0. 07" 5.200. 04“ " 5. 20+0. 027" 1. 55 0. 58 0. 58 
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Table 2 DBI of membrane lipids in A. thaliana and C. himalaica roots following exposure to different levels of K*. Values in the same 


row with different letters differ significantly at Р<0. 05 ( Fisher’ s least significant difference). An asterisk indicates that the value 


Double-bond index 


differs significantly from that of A. thaliana under the same conditions ( P«0. 05) 


Relative change/% 








Lipid . 
lass Plant species 0.51 0. 051 0 0. 51 0. 051 0 
class Control di zi si -1 Ei -1 
/mmol- L /mmol: L /mmol: L /mmol: 17° /mmol+ 17 /mmol- L 
pent A. thaliana 4. 98+0. 07^ 5. 040. 11% 5. 0440. 07*^ 5. 1740. 12° 1.20 1.20 3.81 
C. himalaica 4. 67+0. 14°* 4. 69+0. 17** 4. 72+0. 09** 4.71+0. 10°* 0. 43 1. 07 0. 86 
Viene A. thaliana 5. 69+0. 06° 5. 470. 44“ 5. 68+0. 10° . 3x0. 05° -3.87 -0. 18 0. 70 
C. himalaica 5. 5630. 04" 5. 37+0. 30° 5. 47+0. 21" . 46+0. 25° –3. 42 -1.62 1. 80 
- A. thaliana 2. 1140. 04^ . 200. 04° 2. 1020. 03^ 18+0. 05° 4. 26 -0.47 3.32 
C. himalaica 2. 15+0. 04% 14+0. 04®* — 2.1220. 05^ 17:0. 05° -0. 46 -1.39 0. 93 
p A. thaliana 3. 50+0. 05% 3. 43+0. 03° 3. 4420. 06° 52+0. 02° -2.00 -1.71 0. 57 
C. himalaica 3. 55+0. 06^ 3. 560. 03^* 3. 68:0. 04** .70+0. 11** 0. 28 3. 66 4.22 
eg A. thaliana 2. 880. 01° 3. 02+0. 03^ 3. 070. 02? 1020. 02° 4. 86 6. 60 7.64 
C. himalaica 3. 050. 03** 3. 1140. 03^* 3. 14+0.04®* 3. 17+0. 05** 1.97 2. 95 3. 93 
bi A. thaliana 2. 500. 02° 45+0. 02^ 2. 46+0. 02^ 2. 4740. 02% –2. 00 –1. 60 1.20 
С. himalaica 2. 54+0. 04" .49+0. 02^ 2. 55+0. 02** 55+0. 06** -1.97 0. 39 0. 39 
= A. thaliana 2. 55+0. 02? . 50+0. 02^ 2. 5630. 04" . 60+0. 03° -1.96 0. 39 1. 96 
` C. himalaica 2. 66+0. 03^* 6420. 03^* 2. 74+0. 04** . 3x0. 06** -0.75 3.01 2. 63 
T: A. thaliana 3. 29+0. 03" 3. 27+0. 06^ 3. 32+0. 03^ 3. 32+0. 08° -0. 61 0. 91 0.91 
C. himalaica 3. 36+0. 05^ 3. 37 +0. 05** 3. 41+0. 05** 3. 39+0. 07° 0. 30 1. 49 0. 89 
Total A. thaliana 3. 45+0. 04^ 3.4140. 13^ 3. 46:0. 04^ 3. 59+0. 03° -1.16 0. 29 4. 06 
lipids C. himalaica 3. 4920. 03“ 3. 440. 06^ 3. 6140. 09** 3. 5840. 14% -1.43 3. 44 2.58 


increase and а 0.17% decrease under conditions of 
0. 51 and 0.051 mmol • 17' K*, respectively, com- 
pared with the control. The changes of DBI in extra- 
plastidic lipids were larger than those in plastidic 
lipids. The DBI of PC showed the largest changes, 
namely, 5. 5796 , 6. 13% and 8. 63% increases after 
exposure to 0. 51, 0.051 and 0 mmol - L'' К“, re- 
spectively, compared with the control. 

Under K'-sufficient condition, the DBI of total 
lipids in C. himalaica root was 3.49 (Table 2), 
which was much lower than that in leaves, at 5. 17. 
Furthermore, the DBI of almost all lipid classes in 
C. himalaica roots were lower than those in C. hima- 
laica leaves, except for PS and PA. This phenome- 
non was also observed in plants subjected to K* defi- 
ciency, which indicates that the membrane fluidity 
in C. himalaica leaves was superior to that in its 
roots. This was similar to the case for A. thaliana. In 


C. himalaica roots, lower DBI in PG and PI were 


observed under both K*-sufficient and K*-deficient 
conditions, whereas the DBI of DGDG and MGDG 
were much higher than those of other lipids ( Table 
2). In contrast to leaves, the DBI of most lipid clas- 
ses and total lipids in roots were higher in C. himal- 
aica than in A. thaliana, with the exceptions of DG- 
DG and MGDG. This suggests that membrane fluidity 
in C. himalaica roots was higher than that in 
A. thaliana. Under K*-limited conditions, the chan- 
ges in the DBI of extraplastidic lipids were larger 
than those of plastidic lipids, and the DBI of PC and 
PE showed greater changes than those of other lipids. 
2.4 Total lysoPLs increased іп K*-stressed A. tha- 
liana and C. himalaica leaves 

LysoPLs are minor phospholipids of A. thaliana, 
but they are very sensitive to stresses such as ex- 
treme temperature and drought. Under K*-deficient 
conditions, no tendency for change in each lysoPL 


class in the leaves and roots of C. himalaica and 
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A. thaliana was observed ( Table 3). We further cal- 
culated the total amount of lysoPLs and found that, 
under K*-deficient conditions, it increased markedly 
in C. himalaica and A. thaliana leaves (Table 4). 
A. thaliana leaves showed 17.9896, 29.2196, and 
60. 67% increases under conditions of mild K* limi- 
tation, severe K" limitation, and K^ deprivation, re- 
spectively, compared with the control. In C. himala- 
ica leaves, when compared with the control, total ly- 
soPLs showed 30. 0096 and 31. 1196 increases under 
conditions of 0. 051 and 0 mmol - 17' К“. In con- 
trast, no significant changes in this variable were ob- 
served in A. thaliana and C. himalaica roots. 

The levels of total lysoPLs in K*-stressed 
A. thaliana leaves and roots were higher than those 
in C. himalaica. At 4 C , lysoPC, lysoPE, and ly- 
soPG in A. thaliana leaves were 0. 09, 0.06, and 
0. 07 nmol + mg! , whereas when subjected to freez- 
ing stress (—8 С), they were 0. 71, 0. 8, and 0. 12 
nmol • mg ', respectively (Li et al., 2008). This 
indicated that the level of lysoPL was positively re- 
lated to the intensity of stress. The higher levels of 
total lysoPLs in A. thaliana under K'-deficient con- 
ditions suggest that this species is far more sensitive 


to K* deficiency than C. himalaica. 
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2.5 The membrane stability of C. himalaica was 
superior to that of A. thaliana under K* -deficient 
conditions 

The ratios of DGDG/MGDG and PC/PE are 
thought to be positively related to membrane stabili- 
ty. Therefore, in this study, we used these ratios as 
indicators of membrane stability in К'-атезвед 
A. thaliana and C. himalaica. The ratio of DGDG to 
MGDG can be used to estimate membrane stability in 
leaves because they are the major constituents of 
plastidic membranes in leaves. In the case of PC and 
PE, these are extraplastidic lipids, which account 
for considerable proportions of root membrane lipids. 
Thus, the stability of root membranes and extraplas- 
tidic membranes in leaves can be estimated using the 
PC/PE ratio. K* deficiency led to a slight decrease 
in the DGDG/MGDG ratio in A. thaliana and C. him- 
alaica leaves (Fig. 1A) , but this ratio showed in- 
creases in K*-stressed A. thaliana and C. himalaica 
roots. DGDG/MGDG ratios in C. himalaica leaves 
were significantly higher than in A. thaliana under 
both control and K*-deficient conditions. Further- 
more , C. himalaica roots also had a higher ratio of 
DGDG/MGDG than those of A. thaliana under the 


four different K^ conditions. 
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Fig. 1 Changes in DGDG/MGDG and PC/PE ratios in A. thaliana and С. himalaica under K* -deficient conditions. Data are means + SD 


(n=4 or 5). Bars with different letters differ significantly at P<0. 05 ( Fisher' s least significant difference). Blank bars, A. thaliana; 


dark gray bars, C. himalaica. A. Changes in DGDG/MGDG following exposure to different K* conditions; 


B. Changes in PC/PE following exposure to different K* conditions 
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Under K*-deficient conditions, a tendency for 
an increase in the PC/PE ratio was observed for 
both leaves and roots of both A. thaliana and 
C. himalaica (Fig. 1B). Under control and 0. 51 
mmol • 17" K*conditions, the PC/PE ratio in C. him- 
alaica leaves was significantly higher than that in 
A. thaliana. However, when grown under conditions 
of 0. 051 and 0 mmol - 17'К", A. thaliana showed a 
higher ratio of PC/PE than in the presence of 0. 51 
mmol • L' K*. Under the 0. 51 mmol • 17' K* condi- 
tion, the PC/PE ratio in A. thaliana root was higher 
than that in C. himalaica, but under 5. 1, 0.051 
and 0 mmol - 17' K* conditions, C. himalaica had 
higher PC/PE ratios than A. thaliana. 

In summary, the obtained results suggest that, 
under K*-deficient conditions, the DBI of most lipid 
classes in A. thaliana and C. himalaica showed no 
significant change when compared with that of the 
control. The DBI of extraplastidic lipids showed an 
increase under K*-deficient conditions, whereas that 
of plastidic lipids decreased with the decreasing avail- 
ability of K*. The membrane fluidity in A. thaliana 
and С. himalaica leaves was higher than that in 
roots. C. himalaica roots exhibited greater membrane 
fluidity than A. thaliana ; in contrast, the membrane 
fluidity in A. thaliana leaves was superior to that in 
C. himalaica. The total amount of lysoPLs was higher 
in K*-stressed A. thaliana than in C. himalaica, and 
the ratios of DGDG/MGDG and PC/PE were higher 
in C. himalaica leaves and roots than in A. thaliana. 
These findings indicate that the membrane stability of 
C. himalaica leaves and roots is superior to that of 


A. thaliana under K^ -deficient conditions. 
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